Abstract Scarce data exist regarding costs of pediatric heart failure-related hospitalizations (HFRH) or how costs have changed over time. Pediatric HFRH costs, due to advances in management, will have increased significantly over time. has been an almost twofold increase in pediatric HFRH charges, after adjustment for inflation. Although comorbidities and use of mechanical support account for some of this increase, later year remained independently associated with greater charges. Further study is needed to understand potential factors driving these higher costs over time and to identify more cost-effective therapies in this population.
Introduction
The management of both adult and pediatric heart failure is complex, with diverse etiologies and comorbidities. Patients who are hospitalized with pulmonary congestion but have adequate perfusion may only require a relatively brief hospitalization. Conversely, patients with poor perfusion and end-stage heart failure may require intubation, mechanical circulatory support, and other complex lifesaving technologies. While the costs of such pediatric admissions are unknown, it is estimated that $30 billion annually is spent on adult heart failure [18] . Although there is a lower incidence of heart failure in the pediatric population, given the complexity of care required for these patients, it is anticipated that the cost burden in pediatric HFRH may be similar to the adult population.
An important subset of pediatric HFRH is heart transplant admissions, which were found to have average hospital charges of greater than $450,000 in 2006, having increased by $170,000 from 1997 [12] . A similar rise in charges is expected for the larger population of pediatric heart failure patients. With ongoing changes in the healthcare infrastructure, greater scrutiny on reimbursements and hospital charges for inpatient admissions will likely continue. To maximize healthcare value for patients as ell optimize the use of limited resources, costs must be understood first.
Thus, using inflation-adjusted charges as a proxy for cost, this study aimed to describe hospital costs for pediatric HFRH from 2000 to 2009 in the USA and assess factors associated with higher costs. We hypothesized that costs have increased over time and are associated with the increased use of mechanical support and greater incidence of comorbidities. The KID consists of nationwide sampling of hospital admissions for pediatric patients. A systematic random sampling is used to select 80 % of pediatric hospital admissions and complicated in-hospital births and 10 % of uncomplicated in-hospital births. To further ensure accurate representation of pediatric admissions, the discharges are sorted by state, hospital, diagnosis-related group (DRG), and a random number within each DRG. Hospitals included in the database are specialty hospitals, public hospitals, and academic medical centers. The KID contains data from 2 to 3 million hospital discharges per year for children. There were 27 states that contributed data in the 2000 database, 36 states in the 2003 database, 38 states in the 2006 database, and 44 states in the 2009 database. The large sample size of the KID enables robust analysis of relatively rare diagnoses and procedures [5, 11, 20, 22] .
Materials and Methods

Data Source and Study Population
Primary Outcome
Serving as a surrogate for costs, the primary outcome was hospital charges per HFRH, which were obtained directly from HCUP KID. The KID is composed of more than 100 clinical and non-clinical variables for each hospital stay, including primary and subsequent diagnoses and procedures. All etiologies of heart failure were included, and these diagnoses were identified by International Classification of Diseases, Clinical Modification (ICD-9) codes. Charges were adjusted for inflation using data from the Bureau of Labor Statistics and are represented as 2009 US dollars [3] .
Demographic and Clinical Data
Additional data collected included admission and discharge status, patient demographics (e.g., sex, age, and race), length of stay (LOS), patient comorbidities, and hospital characteristics (e.g., location, size, and teaching status). The hospital's location, teaching status, and size were determined by the American Hospital Association Annual Survey of Hospitals. Designation of a children's hospital was assigned based on information provided by the National Association of Children's Hospitals and Related Institutions (NACHRI). The primary payer was also identified.
Statistical Analyses
Descriptive statistics were presented as means (standard deviations) or medians (interquartile ranges) for continuous variables, as appropriate, and frequency counts and percentages for categorical variables. Chi-square tests were used to examine the change in comorbidities over time. Log transformation was performed to normalize the distribution of hospital charges per HFRH. Linear regression models were used to assess the factors associated with hospital charges. The unadjusted models included only the main effects of the factors. Adjusted models incorporated variables that were associated in univariable analyses, including calendar year, hospital characteristics, sex, age, congenital heart disease (CHD), arrhythmias, pulmonary hypertension, sepsis, acute cerebrovascular disease (CVD), respiratory failure, acute renal failure, ventricular assist device (VAD), and extracorporeal membrane oxygenation (ECMO). Results from the univariable and multivariable regression models were reported as relative changes (i.e., antilog of parameter estimates) with 95 % confidence intervals and p values. Since hospital charges were log-transformed, geometric means were used for analyses, although medians are reported here for ease of understanding. All variables had \5 % missing values, with the exception of race. The significance level for two-sided hypothesis testing was set at 0.05. Stata 12.1 (StataCorp, College Station, TX) was used to conduct the statistical analyses.
Results
Descriptive characteristics of the pediatric HFRH included in this study are presented in Table 1 . A total of 33,189 pediatric HFRH were captured over the entire study period.
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The underlying reasons for hospitalization were similarly distributed among the 4 years studied (p \ 0.001). Across the years studied, 58-62 % of the hospitalizations occurred in patients with congenital lesions and 16-18 % in patients with cardiomyopathy. Due to the nature of the available ICD-9 coding in the KID database, the heart failure etiologies for the remaining HFRH could not be determined. The mean age of admission across the years ranged from 5.3 to 5.9 years, although infants less than 1 year of age comprised the majority of cases for all the years studied. Charges per HFRH were greater in infants compared to older children (median charges $75,055 vs $39,031; p \ 0.0001). Female gender was significantly but modestly associated with lower hospital charges than males (median charges $53,016 vs $58,889; p \ 0.0001). However, type of insurance was not associated with hospital charges (p = 0.78).
Hospital characteristics such as being a teaching hospital or a children's hospital, but not hospital size, were significantly associated with greater median charges per HFRH (see Table 2 ). Patients who died during hospitalization incurred greater charges per HFRH than those who survived (p \ 0.0001; see Fig. 1 ). Longer LOS was associated with greater charge. A LOS[18 days (the highest quartile) was associated with median charges of $270,147, while median charges for a LOS of less than 4 days were $10,633 (p \ 0.0001).
In the multivariable analyses, all characteristics remained statistically significant after adjustment. ECMO was associated with a 2.3-fold increase in charges, VAD with 2.2-fold increase, and respiratory failure with 1.4-fold increase. LOS longer than 18 days was associated with 17-fold increased charges compared to a LOS \4 days. Inpatient stays at children's hospitals were associated with a 1.5-fold increase in charge. Charges in 2009 were 1.66-fold higher than charges in 2000 (see Table 2 ). 
Discussion
To our knowledge, this is the first study to explore how costs for pediatric HFRH have changed over time and to identify the primary factors contributing to overall costs. Using charges as a proxy for costs, the median hospital charge per HFRH doubled from $35,000 to more than $70,000 from 2000 to 2009. We observed a 1.66-fold rise in inflation-adjusted charges per pediatric HFRH during the study period even after adjustment for mechanical support use, severe comorbidities, hospital characteristics, and LOS. Taken together, these data indicate that there are unknown factors driving the increase in hospital charges per HFRH over the last decade beyond the higher costs associated with more medically complex patients and advancements in heart failure treatments. The independent association between calendar year and charges per HFRH after accounting for patient complexity and increased mechanical support use was an unexpected finding. This finding persisted despite adjusting for a comprehensive list of potentially contributory patient and hospital characteristics. There may be several reasons for this observed increase in charges. First, there may be a true increase in resource utilization beyond the factors considered here. Indeed, recent data have shown that inpatient resource utilization has grown disproportionately higher for medically complex pediatric patients with other chronic diseases as well, including congenital heart disease [4] . Given the increasing prevalence of comorbidities in pediatric heart failure patients observed in this study, there is likely increased utilization of resources and therapies associated with these conditions that were not able to be captured fully. Secondly, charges for hospital resources of all types may have increased. For example, individual hospital financial needs and changes in reimbursement may have led to higher hospital charges over time. It has also been speculated that hospital administrative data coding has improved with greater use of electronic health records, thereby allowing for more accurate, but increased, billing [15] . Further research is needed to explore these and other hypotheses that may potentially explain the observed increase in hospital charges over time. Future research into the rate of charge increase in other chronic pediatric conditions using this database may also be revealing.
We identified multiple factors that contributed to the higher charges per HFRH observed over time. The availability and utilization of advanced mechanical support, such as ECMO and VADs, in pediatric heart failure management have increased over time [14] , as we re-demonstrate in this study. These mechanical support devices incur substantial costs associated with the device itself as well as through the support staff, such as a perfusionist, required to operate the device during hospitalization. The high charges associated with ECMO and VAD, at a median charge of roughly $450,000 per admission, likely contribute substantially to the overall financial burden of pediatric HFRH. This component of pediatric heart failure charges could potentially be modified to lower costs. In adults, a decrease in VAD-associated costs has been observed over time as facilities, and healthcare providers have had increased experience with VADs, facilitating device implantation and use and reducing the risk of adverse events. Furthermore, the use of VADs as destination therapy in adults, as opposed to its pediatric indication as bridge to transplant, may lead to a shorter length of stay and presumably lower costs [8] . Whether a similar reduction in costs in the pediatric population will eventually occur over time remains to be seen. This could potentially be achieved by greater standardization of care across centers, regionalization of pediatric VAD centers, and greater use of VADs in outpatient settings. Another important contributor of higher charges per HFRH over time was the increased prevalence of serious comorbidities (see Fig. 2 ). With increased use of advanced mechanical support and improvements in heart failure management over time, patients are surviving longer, leading to an increased prevalence of comorbidities. It is well documented that certain comorbid conditions, such as respiratory or renal failure, lead to higher costs [16] . In our study, we observed an increased prevalence of serious comorbidities over time, with two-to fourfold higher charges per HFRH associated with patients with respiratory failure, renal failure, sepsis, stroke, pulmonary hypertension, and arrhythmias (see Fig. 1 ). Any future strategies to reduce or contain costs associated with inpatient pediatric heart failure management will need to consider approaches to rein in the additive costs incurred by more medically complex patients. Admissions captured in this study all have heart failure as an underlying diagnosis, but the database cannot distinguish whether the primary reason for admission was secondary to exacerbation of a related comorbidity, such as worsening renal function. Reducing costs requires the prevention of such admissions or mitigating-associated LOS by ensuring ready access to not only advanced cardiac services, but other highly skilled specialists, in both inpatient and outpatient settings.
In this study, we found higher charges for patients hospitalized in academic centers and children's hospitals. The increased availability of advanced mechanical and medical support at these centers likely contributes to these higher charges [13] . However, access to greater support may not be the only driver of higher charges in academic centers. Patients referred to academic center, often tertiary care centers, are known to have greater comorbidities and more complications, which in turn may lead to higher charges [16, 24] . Additionally, prior studies have demonstrated that academic centers with traditional faculty/house staff models may deliver care at higher cost than centers with hospitalist systems, even when that care involves medically complex, subspecialty diseases [1, 2, 25] . Lastly, there is a concern that some children's hospitals may have regional de facto monopoly on access to advanced care such as mechanical circulatory support or heart transplant. While this may lead to more standardized care by groups with greater experience, this can also translate to loss of regional competition when negotiating reimbursements and possibly lead to higher consumer costs, although the impact on charges would be difficult to predict [7] . LOS has previously been associated with higher cost in transplant patients and in patients requiring VADs [17, 21] . Similarly, we show that longer LOS is associated with higher charges in all pediatric HFRH. We also found a significant increase in LOS over the study time period, suggesting that these patients are spending more time as inpatients. Increased LOS does not, however, fully account for the increased charge over time, as the average daily charge has also increased over time ($2436 per day in 2000, $4215 per day in 2009). Patients may have longer LOS due to our increased ability to support them through more severe illness, or the use of mechanical support as a bridge to transplant. Thus, while LOS may be one of the drivers of costs, advocating for a shorter LOS for all patients may not be the answer. Rather, costs may be reduced by decreasing LOS for a subset of patients, minimizing ICU stays by developing intermediate care units, and continuing to develop outpatient pediatric VAD programs.
Of note, inpatient mortality was associated with greater charge per HFRH, but mortality did not change over the years studied, despite the increased medical complexity of patients receiving care in the later years. However, by the nature of this study, out-of-hospital mortality cannot be studied. Without out-of-hospital mortality, or any meaningful quality of life indicators, it is difficult to draw conclusions about the quality or value of the health care being delivered to pediatric patients with heart failure.
The majority of the pediatric HFRH were inpatients less than 1 year of age, a group in whom higher charges were found. Indeed, being an older child was slightly protective and was associated with 0.91-fold charges compared to infants. This may be secondary to hospital procedure regarding site of admission (neonatal ICU versus a regular ward), higher charges related to the needs of very young patients, or lower nursing-to-patient ratios for infants. Infants with heart failure have a high morbidity and mortality, so perhaps it is not surprising that this group would also incur greater charges [19] . Interestingly, female gender was associated with somewhat lower charges, 0.97-fold charges per HFRH, compared to male gender. This is in contrast to a previous study that demonstrated higher charges for female pediatric heart transplant recipients [12] . Further, despite the statistical significance, the observed difference in charges may be of minimal financial or clinical significance. The reason and significance behind this finding are unclear and warrant further study.
There are several limitations that should be mentioned. As a retrospective analysis of an administrative database, we were limited by the existing data in the database. For example, clinical data to assess the severity of disease and comorbidities were not available. Also, as this database captures only inpatient charges and does not link visits associated with the same patient, we were unable to look at emergency department and clinic visits charges, or categorize costs associated with readmissions. Misclassification of the ICD-9 codes used to search the database may have occurred despite the rigorous quality metrics used by the database administrators [23] . However, any resulting misclassification would be non-differential. Lastly, as with other cost-effective studies, hospital charges were used as a proxy for actual costs, with costs being less than hospital charges [6, 9, 24] .
Conclusions
From 2000 to 2009, there was a 1.66-fold increase in hospital charges per pediatric HFRH after adjustment for increased mechanical support use and prevalence of severe comorbidities. Further study is needed to characterize factors that are driving costs for pediatric HFRH and may be potentially modifiable. Understanding drivers of costs will help us devise strategies that can maximize healthcare value while optimizing the use of limited resources.
